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blow-off passage provides commumnication between the
upstream side of the throttle valve and the upstream side of a
supercharger. A blow-off valve opens and closes the blow-oft
passage. The blow-oif valve can be configured to open and
close based upon pressure on the downstream side of the
throttle valve. The present intake system can further comprise
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stream side of the throttle valve and the blow-off valve, and a
solenoid valve for switching between the first and second
conduits.
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INTAKE SYSTEM FOR SUPERCHARGED
ENGINEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese application

Serial No. 2004-214159, filed on Jul. 22, 2004, the entire
contents of which are hereby expressly incorporated by ret-
erence.

BACKGROUND OF THE INVENTIONS

1. Field of the Inventions

The present inventions relate to intake systems for super-
charged engines.

2. Description of the Related Art

Supercharged engines are conventionally used in small
boats and vehicles such as automobiles. Intake systems in
such engines are generally adapted to supply the engine with
air that 1s compressed by the supercharger, which 1s disposed
in an intake passage. Some 1ntake systems for supercharged
engines are configured with a blow-oil passage including a
blow-oil valve disposed 1n the intake passage. The blow-oif
passage and blow-oil valve are generally configured to pre-
vent an excessive increase i pressure within the intake pas-
sage. (See Japanese Patent Application JP-A-He1 10-89079,
for example).

In such intake systems for supercharged engines, a throttle
valve 1s provided 1n the intake passage between the engine
and the supercharger, and the blow-oll passage connects the
upstream side of the throttle valve and the upstream side of the
supercharger. The blow-oif valve, which 1s located in the
blow-oil passage, opens when the pressure on the upstream
side of the throttle valve exceeds the pressure on the down-
stream side, and exceeds a predetermined value. When the
blow-off valve opens, the air on the upstream side of the
throttle valve, namely, the air between the throttle valve and
the supercharger, returns to the upstream side of the super-
charger through the blow-oif passage. The blow-oif valve and
the blow-oil passage thereby prevent damage to a compressor
of the supercharger that could be caused by excessive pres-

sure produced during abrupt deceleration.

SUMMARY OF THE INVENTIONS

In the conventional intake system for a supercharged
engine described above, when the throttle valve 1s abruptly
opened for acceleration, the blow-oit valve remains opened,
since negative pressure 1s produced on the downstream side of
the throttle valve, while positive pressure 1s produced on the
upstream side. Thus, part of the supercharged air leaks to the
upstream side of the supercharger from the blow-off valve,
resulting 1n a reduction in the volume of air supplied to the
engine. Since a large volume of air needs to be supplied to the
engine during acceleration, any leaking can lead to poor
acceleration performance.

Thus, 1n accordance with one embodiment, an 1ntake sys-
tem comprises an intake passage for drawing air to an engine.
A supercharger 1s disposed 1n the intake passage for com-
pressing the air supplied to the engine. A throttle valve 1s
disposed downstream from the supercharger for regulating
the volume of the air supplied to the engine. A blow-oif
passage provides communication between the upstream side
ol the throttle valve and the upstream side of the supercharger.
A blow-off valve opens and closes the blow-off passage. A the
throttle rate-of-change detecting device detects a rate-oi-

10

15

20

25

30

35

40

45

50

55

60

65

2

change of a throttle valve opening. A blow ofl valve control
system controls actuation of the blow-ofl valve based on
pressure on the downstream side of the throttle valve, and
actuates the blow-oil valve to close the blow-ofl passage
when a detection value from the throttle rate-of-change
detecting device when the throttle valve 1s opened exceeds a
preset rate-of-change value.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the present intake system
for supercharged engine, illustrating its features, are dis-
cussed 1n detail below with reference to the figures described
below. These embodiments depict the novel and non-obvious
intake system shown 1n the accompanying drawings, which
are for 1llustrative purposes only. These drawings including
the following figures, in which like numerals indicate like
parts:

FIG. 1 1s a side view of a planing boat that includes an
embodiment of the present intake system;

FIG. 2 1s a top view of the planing boat of FIG. 1;

FIG. 3 1s a cross-sectional view of the planing boat of FIG.
1, taken along the line 3-3 in FIG. 1;

FIG. 4 1s a top view of a preferred embodiment of the
present intake system and an exhaust system connected to an
engine;

FIG. 5 1s a port side elevational view, illustrating select
components of the engine of FIG. 4;

FIG. 6 1s a front elevational view of the components of FIG.
S;

FIG. 7 1s a schematic view of the intake system and an
exhaust system 1llustrated 1n FIG. 4;

FIG. 8 1s a partial cross-sectional, cut away, and port side
clevational view of an engine and a supercharger that can be
used with the present intake system;

FIG. 9 15 a partial cross-sectional view of a blow-oif valve
that can be used with the supercharger;

FIG. 10 1s a flowchart illustrating a program that can be
used 1n conjunction with the embodiments illustrated in

FIGS. 1-9; and

FIG. 11 1s a graph 1llustrating an exemplary but non-lim-
iting relation between engine speed and resistance to the hull
body of a watercralt during operation.

PR.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

FIGS. 1 and 2 1llustrate a planing boat 10, also known as a
personal watercrait, having an intake system 30 1n accor-
dance with several embodiments. The intake system 30 is
disclosed 1n the context of a personal watercrait because 1t has
particular utility in this context. However, the intake system
30 can be used 1n other contexts, such as, for example, but
without limitation, outboard motors, 1nboard/outboard
motors, and for engines of other vehicles including land
vehicles. In the illustrated embodiment, the planing boat 10
includes a plurality of components having the illustrated con-
figuration. However, those of skill in the art will appreciate
that the 1llustrated configuration 1s merely a one possible
configuration, and that the components could be arranged 1n
a variety of alternative ways.

The planing boat 10 can include a hull body 11 that can
include a deck 11a and a lower hull 115. Steering handlebars
12 can be disposed at a forward side portion relative to the
center of an upper section of the hull body 11, and a seat 13
can be disposed 1n a center area of the upper section of the hull
body 11. The inside of the hull body 11 can include an engine
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compartment 14 formed along the front to the mid parts of the
hull body 11 and a pump compartment 15 formed on the rear

part of the hull body 11.
With further reference to FIGS. 1 and 2, the engine com-

partment 14 can house an engine 20, and at least portions of 53

the intake system 30, and an exhaust system 50. The pump
compartment 15 can house a propulsion unit 60.

Air ducts 16a, 165, which can be located forward and
rearward of the mside of the engine compartment 14, can be
configured to also ambient air to enter into and exit from the
engine compartment 14. In the illustrated embodiment, the air
ducts 16a, 165 extend vertically from the upper part of the
hull body 11 toward the bottom of the engine compartment
14. Outside air can thus be drawn from the upper end of each
air duct 16a, 1656 through a waterproof structure (not shown)
provided on the deck 11a, and introduced into the engine
compartment 14 from the lower end of each air duct 16a, 16b.

A Tfuel tank 17 can be disposed forward of the engine
compartment 14, and the engine 20 can be disposed at the
center bottom of the iside the hull body 11. The engine 20
can be, for example, a water-cooled, four-stroke, in-line, four-
cylinder engine. However, this 1s merely one type of engine
that can be used. Other types of engines can be used which
operate on other types of combustion principles (e.g., diesel,
rotary, two-stroke), have other cylinder configurations
(V-type, W-type, horizontally opposed, etc.), and have other
numbers of cylinders.

As shown 1n FIG. 3, an outer shell of an engine body 1s
formed by a crankcase 22 having a crankshaift 21 therein, and
a cylinder body 23 formed above the crankcase 22. The cyl-
inder body 23, which forms the upper part of the engine 20,
can be oriented diagonally such that 1t extends toward the

starboard side of the hull body 11.

The cylinder body 23 houses at least one piston 25, which
1s connected through a connecting rod 24 to the crankshait 21.
The piston 23 reciprocates within a cylinder 26 of the cylinder
body 23. Movement of the piston 25 1s transmitted to the
crankshaft 21, which rotates about an axis that extends sub-
stantially front-to-back along the planing boat 10.

Each cylinder 26 can have at least one intake valve 27 and
one exhaust valve 28, which are each driven by rotations of an
intake camshait 27a and an exhaust camshatit 28a, respec-
tively, connected to the crankshaft 21 via a timing belt (not
shown).

With further reference to FI1G. 3, the intake valve 27 of each
cylinder 26 1s 1n fluid communication with an intake port of
the present intake system 30. The intake system 30 includes
an intake manifold 31.

The exhaust valve 28 of each cylinder 26 1s 1 fluid com-
munication with an exhaust pipe. The exhaust pipe 1s con-

nected to an exhaust system 50, which includes an exhaust
manifold 51.

The intake valve 27 opens during each intake stroke to feed
a mixture of air and fuel to each cylinder 26, and closes during
cach exhaust stroke. The air supplied to each cylinder 26 1s
provided through the intake system 30 via an intake port, and
the fuel 1s supplied by a tuel supply system, which 1s dis-
cussed 1n detail below. The exhaust valve 28 opens during
cach exhaust stroke to feed burned gas discharged from each
cylinder 26 through an exhaust port to the exhaust system 50,
and closes during each intake stroke.

FIGS. 4-6 1llustrate a configuration of the present intake
system 30 and the exhaust system 50, which are both con-
nected to the engine 20. The intake system 30 can includes an
intake passage comprising the mtake manifold 31, a surge
tank 32, an air duct 33, and air passages 33a, 335, all of which
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are configured as pipe members, although other components
and configurations can also be used.

A throttle body 34 can be disposed between the surge tank
32 and the air duct 33. An intercooler 35 can be disposed
between the air duct 33 and the air passage 33a. A super
charger 36 can be disposed between the air passages 33a and
335.

With reference to FIG. 4, an intake box 37 can be disposed
at the upstream end of the air passage 33b. In systems such as
the present intake system 30 and exhaust system 50, where
liquid or gas tlows from one side to the other, the side from
which the liquid or gas 1s supplied 1s referred to as the
upstream side, and the side to which the liqud or gas 1s
supplied 1s referred to as the downstream side.

With continued reference to FIG. 4, the intake box 37 can
be located between the engine 20 and the fuel tank 17, but
slightly closer to the fuel tank 17 with a predetermined dis-
tance from the engine 20. This spacing helps to reduce the
transier of heat from the engine 20 to the air in the intake box
37.

The upper surface of the intake box 37 can include a curved
intake duct 37a that opens generally forwardly. The 1nside of
the intake box 37 can include an atr filter 375 as shown in FI1G.
7.

During operation, air enters the engine compartment 14 1n
the planing boat 10 through the air ducts 16a, 165 (FIGS. 1
and 2). The intake box 37 draws air from the engine compart-
ment 14 through the intake duct 37a (FIGS. 4 and 7). The air
passes through the air filter 375, which removes foreign mat-
ter, and 1s then fed to the supercharger 36 through the air
passage 33b.

In the illustrated embodiment, the supercharger 36 can be
located close to the front end of the engine 20, slightly on the
starboard side relative to the bottom center of the hull body
11. As shown 1n FIG. 8, the supercharger 36 can include a
casing 36c¢.

The casing can include an 1intake port 36a connected to the
air passage 335 for drawing the air fed from the intake box 37.
The casing can further include a discharge port 365 connected
to the air passage 33q for feeding the air drawn from the intake
port 36a to the mtercooler 35.

A rotary section 38 can be housed within the casing 36c,
and can include a rotational shaft 38a¢ and an 1mpeller 385
connected to the front end thereof. The impeller 385 ca be
positioned within the intake port 36a, and rotates together
with the rotational shait 38a.

A gear 38c¢ can be disposed at a rear end of the rotational
shaft 38a. A flywheel 29 at a front end of the crankshaft 21
engages the gear 38¢ to transmit rotational force from the
crankshaift 21 to the rotary section 38. Thus, when the engine
20 operates to rotates the crankshatt 21, the rotational force 1s
transmitted to the rotary section 38 via the flywheel 29 and the
gear 38¢, so that the impeller 3856 can rotate. The rotation of
the impeller 386 causes the air fed from the air passage 335 to
the mtake port 36a to be compressed and discharged from the
discharge port 365 to the air passage 33a. The supercharger
36 compresses the air, and thereby heating the air.

With reference to FIGS. 4-6, the intercooler 35 can be
located beside the supercharger 36 on the front end side of the
engine 20, slightly on the port side relative to the bottom
center of the hull body 11, although other positions can also
be used. The intercooler 35 can be configured to cool the
compressed air, which 1s fed from the supercharger 36
through the air passage 33a. Cooling the air in this manner

can increase the air’s density.
The higher-density compressed air 1s then fed to the throttle
body 34 through the air duct 33. The air duct 33 can be
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arranged to as to extend upwardly, and optionally, generally
vertically from the upper surface of the intercooler 35 and
then can be curved so as to extend generally rearwardly to
connect to the throttle body 34.

The throttle body 34 can be located forward of the port side
face of the engine 20, on the upper side thereot, although
other positions can also be used. The throttle body 34 can
include a generally horizontal rotational shaft (not shown)
and a disk-like throttle valve (not shown) attached to the shatt
for rotation therewith, although other orientations can also be
used. Rotation of the shaft allows the throttle valve to open or
close the air path 1n the throttle body 34, thereby regulating or
“metering” the flow rate of the air to be supplied to each
cylinder 26.

With reference to FIGS. 4 and 5, the surge tank 32 can be
connected to the rear end of the throttle body 34, and can be
disposed along the upper part of the port side face of the
engine 20. The surge tank 32 1s preferably constructed of resin
or aluminum alloy tubing, or any other material.

The intake manifold 31, which 1n the 1llustrated embodi-
ment includes four branch pipes, extends from the surge tank
32 toward the starboard side. Each pair of adjacent branch
pipes 1s spaced a predetermined distance as measured 1n the
longitudinal direction. Each branch pipe of the intake mani-
fold 31 also extends obliquely downwardly from the surge
tank 32 (the upstream end) to the intake port of one of the
cylinders 26 (the downstream end). The surge tank 32 can be
configured to attenuate intake pulsations, which can occur 1n
the compressed air supplied from the intercooler 35, so as to
feed air into the intake manifold 31 at a consistent pressure.

A Tuel supply system can be configured to supply fuel from
the fuel tank 17 to the engine 20. The fuel supply system can
include a tuel pump (not shown) and a fuel injector 39 (FIG.
3).

Fuel, which 1s pumped out of the fuel tank 17 by activating,
the Tuel pump, 1s atomized and 1njected by the fuel injector 39
to each cylinder 26. In this process, the fuel 1s mixed, 1n the
intake manifold 31, with the compressed air supplied from the
intake box 37 through the supercharger 36. This air-fuel mix-
ture 1s fed to each cylinder 26.

The engine 20 can further include an 1gnition system. The
air-fuel mixture 1n the cylinders 26 explodes when 1t 1s 1ignited
by the 1gnition system. The explosion allows the piston to
reciprocate within the cylinder 26, thereby rotating the crank-
shait 21.

The present intake system 30 can further include a blow-oif
valve control system 40, shown 1n FIG. 7. The blow-oif valve
control system 40 includes an ECU (electric control unit) 41.
The ECU 41 caninclude a control section comprising a CPU,
a ROM, a RAM, and a timer, although other configurations
and hardware components can also be used The blow-off
valve control system 40 can further include a blow-off valve
42, and a blow-oif passage 43. The blow-off valve 42 can be
attached to the intercooler 35, as shown 1n FIG. 9 and can be
in fluid communication with a portion of the intercooler 35 on
the air duct 33 side. The blow-oif valve 42 and the air passage
335 are connected via the blow-oif passage 43.

With reference to FIGS. 7 and 9, the blow-oft valve 42 can
include a valve 42a, which normally closes an opeming of the
blow-oil passage 43 to thereby disconnect the air duct 33
from the blow-oil passage 43. The blow-off valve 42 can
turther includes a spring member 425 that 1s configured to
bias the valve body 42a toward the opening of the blow-oif
passage 43.

During operation, when the throttle valve 1s closed, the
pressure within the air duct 33 and the air passage 33a may
increase and exceed a predetermined value. The blow-off
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valve 42 can be configured such that the excess pressure
opens the blow-oil valve 42 by forcing the valve body 42a to
move against the urging force of the spring member 425. The
opening of the blow-oif valve 42 opens tluid communication
between the air duct 33 and the blow-oil passage 43. When
the blow-oif valve 42 opens, air in the air duct 33 flows from
the blow-ofl passage 43 to the air passage 335, and then
toward the supercharger 36.

Operation of the blow-oil valve 42 can prevent an exces-
s1ve 1ncrease 1n pressure within the air passage 33a, which
might damage the impeller 385 of the supercharger 36. With
reference to FIGS. 7 and 9, the blow-oil valve 42 can be
connected to a three-way switching solenoid valve 44 through
a connecting passage 43a. In the illustrated embodiment, the
solenoid valve 44 can be connected to the air duct 33 by a first
pressure-introducing passage 43, and to the surge tank 32 by
a second pressure mtroducing passage 46. The pressure-in-
troducing passages 45, 46 may comprise hoses, for example.
The connecting passage 45a can comprise part of the pres-
sure-1ntroducing passages 45, 46. The single solenoid valve
44 can advantageously be configured to perform the functions
that might otherwise be performed by first and second control
valves.

With reference to FIG. 7, wiring 44a connects the solenoid
valve 44 to the ECU 41. The ECU 41 can be configured to
control the solenoid valve 44 to open communication
between the blow-olf valve 42 and the first pressure introduc-
ing passage 45 and close communication between the blow-
ol valve 42 and the second pressure introducing passage 46,
or to open communication between the blow-off valve 42 and
the second pressure 1ntroduc1ng passage 46 and close com-
munication between the blow-oil valve 42 and the first pres-
sure mtroducing passage 43. In some embodiments, opening
and closing of the blow-oil valve 42 1s inﬂuenced by the
pressure within the pressure introducing passages 45, 46.

With further reference to FIG. 7, the throttle body 34 can
include a throttle sensor 47, that can be configured to detect a
rate-of-change of the opening of the throttle valve. The surge
tank 32 can 1nclude a pressure sensor 48, that can be config-
ured to detect a pressure within the surge tank 32. A pulser 49,
disposed near the flywheel 29, can be configured to detect
engine speed by detecting a rotational speed of the flywheel
29, 1n a manner well known 1n the art.

The throttle sensor 47, pressure sensor 48 and pulser 49 can
cach be connected to the ECU 41 through wiring 47a, 48a,
49a, respectively, and each can send a detection signal to the
ECU 41. The ECU 41 can control, for example but without
limitation, actuation of a motor for switching the solenoid
valve 44 and driving the throttle valve, based on values con-
tained in the detection signals.

With further reference to FIG. 7, the exhaust system 50 can
include the exhaust manifold 31 (described in detail above)
that feeds into an exhaust pipe 52, and a water lock 53 (FIGS.
1, 2 and 4) connected to the downstream end of the exhaust
pipe 52. However, other components can also be used. As
shown 1 FIGS. 3 and 4, each branch pipe of the exhaust
mamifold 51 extends obliquely downwardly from the exhaust
port ol 1ts respective cylinder 26 (its upstream end), and leads
to the exhaust pipe 52 (1ts downstream end). With reference to
FIGS. 1, 2 and 4, the exhaust pipe 52 extends forward along
the bottom and starboard side face of the engine 20, then
curves around the front end of the engine 20, and extends
rearward along the port side face.

With reference to FIGS. 4 and 7, the exhaust pipe 52 can
comprise a first muitler 52a connected to the downstream end
of each furcated exhaust pipe 51, aring joint 525 connected to
the downstream end of the first muitler 52a, a second muitler
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52¢ connected to the downstream end of the ring joint 525,
and an exhaust hose 52d connected to the downstream end of
the second muftler 52¢. In the illustrated embodiment, the
first muttler 52a 1s disposed along the bottom and starboard
side face of the engine 20. Its upstream end 1s closed while 1ts
downstream end reaches a position corresponding to the front
end of the engine 20.

The downstream end of the first muiller 52a can be con-
nected to the upstream end of the ring joint 525, which curves
about 90-degrees around the front of the engine 20. The ring
joint 525 extends obliquely upward while curving along the
corner of the engine 20, until 1ts downstream end reaches
generally the center of the front face of the engine 20 as shown
in FIG. 6. The second muitler 52¢ 1s connected to the down-
stream end of the ring joint 525 via a joint 54a. The second
muiller 52¢ 1nitially extends along the front face of the engine
20, and then extends rearward along generally the vertical
center of the port side face of the engine 20.

More specifically, portions of the ring joint 525 and the
second muiller 52¢ which are positioned forward of the
engine 20 extend to cover the upper faces of the supercharger
36 and the intercooler 35. The second mulller 52¢ 1s posi-
tioned below the surge tank 32. The downstream end of the
second muliller 52¢ 1s connected to the upstream end of the
exhaust hose 52d via a joint 54H, and the downstream end of
the exhaust hose 524 1s connected to the water lock 53.

With reference to FIG. 7, near a location where the joint
54a and the second mulller 52¢ are connected, the exhaust
pipe 52 includes an oxygen detecting sensor 55 for detecting
oxygen 1n discharged combustion gas. The exhaust pipe 52
turther includes a catalyst 56 for puriiying the combustion
gas. The catalyst 56 may, for example, use a honeycomb
catalyst element whose base matenal 1s coated with platinum
to purily the exhaust gas passing through the catalyst element.
Then, based on the quantity of oxygen detected by the oxygen
detecting sensor 55, the ECU 41 controls the quantity of fuel
supplied to the combustion chambers in order to keep the
engine running eificiently (neither lean nor rich).

With reference to FIGS. 1, 2 and 4, in the illustrated
embodiment the water lock 53 1s formed as a large-diameter
cylindrical tank. An exhaust gas pipe 57 extends rearwardly
from the rear top surface of the tank. The upstream end of the
exhaust gas pipe 57 communicates with the water lock 53, and
its downstream part mitially extends upward and then down-
ward toward the rear as shown FIGS. 1 and 2. The down-
stream end of the exhaust gas pipe 57 1s open toward a casing
61 for separating the propulsion unit 60 from the main unit of

the hull body 11, and has access to the outside at the rear end
of the hull body 11.

With reference to FIG. 4, a coupling 62 connects a pump
drive shaft 63 to the crankshaft 21. The pump drive shait 63
extends rearward from the rear of the engine 20 to the pump
compartment 15. The pump drive shait 63 1s connected to an
impeller (not shown) provided inside a jet pump 64 (FIGS. 1
and 2) disposed at the stem of the hull body 11. The pump
drive shaft 63 can be formed of a single shait member, or a
plurality of shaift members connected together. The pump
drive shatt 63 transmits the rotational force of the crankshaft
21, which 1s driven by the engine 20, to the impeller, which
rotates.

In the 1llustrated embodiment, the jet propulsion unit 60
provided with the jet pump 64 1s disposed on the center 1n the
lateral direction of the hull body 11 at its rear end. With
reference to F1G. 1, the propulsion unit 60 has a water inlet 65
with its opening located at the bottom of the hull body 11 and
a water jet nozzle 66 with 1ts opening located at the stem.
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Seawater introduced from the water inlet 65 1s ejected from
the water jet nozzle 66 by activating the jet pump 64 to
generate thrust for the hull body 11. The propulsion unit 60 1s
installed at the bottom at the stem of the hull body 11, and 1s
preferably separated from the main unit of the hull body 11 by
a casing 61. Thus, the pump drive shaft 63 passes through the
casing 61 and extends from the engine 20 to the jet pump 64
of the propulsion unit 60.

With reference to FIGS. 1 and 2, a steering nozzle 67 1s
attached to the rear end portion of the jet pump 64. The
steering nozzle 67 changes an advancing direction of the
planning boat 10 rightward or leftward by allowing 1ts rear
portion to be moved rightward or leftward in response to
operation of the steering handlebars 12. The planing boat 10
preferably has various devices for runming safely, such as an
clectrical box accommodating various electrical equipment, a
start switch, and various sensors.

Below, the driving operation of the planing boat 10 and the
control by the ECU 41 1s described. First, when the operator
straddles the seat 13 and turns a start switch ON, the planning
boat 10 becomes operable. Then, when the operator manipu-
lates the steering handle bars 12 and a throttle operating
member, or accelerator, (not shown) disposed at a grip of the
steering handlebar 12, the planing boat 10 starts to run at a
predetermined speed 1n a predetermined direction in response
to the operator’s actions.

The program shown 1n the flowchart of FIG. 10 can begin
to execute automatically when the operator turns the start
switch ON, or at other times, and the program 1s re-executed
at predetermined time intervals. This program 1s preferably
prepared 1n advance and stored in the ROM of the ECU 41.
Execution of the program allows throttle response control for
closing the blow-oil valve 42 when a rate-of-change of open-
ing of the throttle valve detected by the throttle sensor 47)
exceeds a preset value.

With reference to FI1G. 10, the program begins at step S100.
At step S102, the CPU of the ECU 41 determines whether or
not the solenoid valve 44 1s switched to permuits flow from the
second pressure introducing passage 46, that 1s, whether or
not the blow-oif valve 42 1s 1n communication with the sec-
ond pressure introducing passage 46. I the planing boat 10 1s
ready to start running from the stopping state, then the sole-
noid valve 44 1s 1n the state of being switched to permit flow
from the second pressure mtroducing passage 46, which 1s
described below. Accordingly, the CPU determines “YES™ at
step S102 and the program goes to step S104.

At step S104, a determination 1s made as to whether or not
a rate-of-change change of a throttle opening a, detected by
the throttle sensor rate-of-change value o.,. The preset rate-
of-change value ¢, 1s the value preset and stored in the RAM.
The preset rate-of change value a may be set, for example, at
a value corresponding to the rate-of-change of throttle open-
ing when the planing boat operator rapidly opens up the
throttle (by rapidly depressing or turning the accelerator) in
order to quickly accelerate the planing boat 10. If the operator
has not yet operated the accelerator, or has operated the accel-
erator slowly, such that the rate-of-change of throttle opening
a 1s not greater than the preset rate-of change value a,, the
program determines “NO” at step S104. Then, the program
goes 1o step S118 and temporarily ends.

Upon restarting, the program begins at step S100 and pro-

ceeds through step S102 (as described above) to step S104. In
the meantime, the solenoid valve 44 remains switched to
permit flow from the second pressure introducing passage 46,
and the intake system 30 operates 1n accordance with such
state. Then, the planing boat 10 runs at a speed 1n accordance
with the operator’s mampulation of the accelerator. Mean-
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while, when the rate-of-change of throttle opening a becomes
greater than the preset rate-of-change value o, through opera-
tor’s operation of the accelerator, and “YES™ 1s determined at
step S104, the program goes to step S106.

At step S106, a determination 1s made as to whether or not
the engine speed N, which can be detected by the pulser 49, 1s
less than a preset speed value N,. The preset speed value N,
may be set, for example, based on the engine speed when the
running state of the planing boat 10 1s on the border between
a planing range and a non-planing range, as shown 1n FI1G. 11.
As FIG. 11 1llustrates with the curve a, the relation between
engine speed and the resistance that the planing boat receives
at 1ts hull body from the water 1s generally proportional.

However, immediately before the running state of the plan-
ing boat 10 shifts to the planing range from the non-planing
range after a gradual increase 1n 1ts running speed, resistance
to the hull body temporarily increases and then drops. In a
preferred embodiment, the point at which such drop com-
pletes and then resistance to the hull body starts to increase
may be set as the preset speed value No.

With reference to FIG. 10, when the running state of the
planing boat 10 1s 1n the non-planing range, and “NO” 1s
determined at step S106, the program goes to the step S118
and temporarily ends. Then, the solenoid valve 44 remains
switched to permit flow from the second pressure introducing
passage 46, and the intake system 30 operates in accordance
with such state. In the meantime, the planing boat 10 runs in
the non-planing state at a relatively low speed. The program
again starts at step S100, and continues through steps S102
and S104 as described above. Then, when the running state of
the planing boat 10 shiits to the planing range, and “YES” 1s
determined at step S106, the program goes to step S108.

At step S108, the ECU 41 switches the solenoid valve 44
based on the detection signals that the ECU 41 receives from
the throttle sensor 47 and the pulser 49. The solenoid valve 44
switches to permit flow from the first pressure ntroducing
passage 45. The blow-oif valve 42 is thus disconnected from
the second pressure ntroducing passage 46 and communi-
cates with the first pressure mtroducing passage 45. In this
state, one end of the first pressure introducing passage 43 1s 1n
communication with the air duct 33 while the other end of the
passage 435 1s 1n communication with the blow-oif valve 42
via the solenoid valve 44 and the connecting passage 45a.
Thus, the pressures on opposite sides of the blow-oif valve 42
are equal, and the spring member 4256 holds the valve body
42a against the opening of the blow-oil passage 43 so that the
blow-oif valve 42 1s closed.

When the blow-oif valve 42 1s closed, the compressed air
being fed from the supercharger 36 tflows through the air duct
33, the surge tank 32, etc. and into the engine 20 without
leaking into the blow-oif passage 43 through the blow-oif
valve 42. As a result, the speed of the engine 20 promptly
increases, so that the planing boat 10 quickly accelerates.
Then, the program goes to the step S110, where the state of
the solenoid valve 44 being switched to permait flow from the
first pressure itroducing passage 45 1s stored in RAM. Then,
the program goes to the step S118 and temporarily ends.

The program 1s again started from step S100, and a deter-
mination 1s made as to whether or not the solenoid valve 44 1s
switched to permit flow from the second pressure introducing
passage 46. At this point, during the most recent execution of
the program, the solenoid valve 44 has been switched to
permit tlow from the first pressure imntroducing passage 45 (at
step S108), and this state has been stored in RAM (at step
S110). Accordingly, “NO” 1s determined at step S 102 and the

program goes to step S 112.
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At step S112, a determination 1s made as to whether or not
a pressure P within the surge tank 32 (detected by the pressure
sensor 48) 1s less than a preset value P,,. The present value P,
1s the value preset and stored in the RAM. In a preferred
embodiment, the present value P, may be set based on the
difference 1n pressure between the upstream side and the
downstream side of the throttle valve 1in the intake passage
when the operator decelerates the planing boat 10 by operat-
ing the accelerator to move the throttle valve toward the
closed position. When the planing boat 10 abruptly deceler-
ates, and the upstream side of the throttle valve 1n the intake
passage excessively increases 1n pressure, the supercharger
36 may be damaged. Thus, the blow-ofl valve 42 advanta-
geously opens to release the compressed air into the blow-off
passage 43.

Thus, the point at which the blow-off valve 42 opens 1s
determined from the pressure within the surge thank 32, and
1s set as the preset pressure value P,. With reference to FIG.
10, at step SI 12, 1f the planing boat 10 1s planing while
accelerating, or planing at a constant speed, and the pressure
P within the surge tank 32 (detected by the pressure sensor 48)
1s not less than the preset value P, then “NO” 15 determined,
and the programs go to step S118 and temporarily ends.

-

The program starts again from step S100 and proceeds
through step S102 to step S112. In the meantime, the solenoid
valve 44 remains switched to permit flow from the first pres-
sure 1mtroducing passage 45, and the intake system 30 oper-
ates 1 accordance with this state. The planing boat 10 planes
while accelerating or at a constant speed. If the operator
mampulates the accelerator to move the throttle valve toward
the closed position and the pressure P within the surge tank 32
becomes less than the preset value P, then “YES” 1s deter-
mined 1n step S112 and the program goes to step S114.

At step S114, the solenoid valve 44 switches to permit flow
from the second pressure introducing passage 46. The blow-
oil valve 42 1s thus disconnected from the first pressure intro-
ducing passage 45 and now communicates with the second
pressure introducing passage 46. Under these circumstances,
one end of the second pressure introducing passage 46 com-
municates with the air duct 33 through the solenoid valve 44
and the blow-oif valve 42, and the other end of the passage 46
communicates with the surge tank 32. The blow-off valve 42
remains open as long as the pressure 1n the intake passage on
the upstream side of the throttle valve (1in the air duct 33)
exceeds the sum of the forces provided by the pressure within
the surge tank 32 and the spring member 425.

Thus, the blow-off valve 42 remains closed when the plan-
ing boat 10 1s planing at a generally constant speed, and opens
when the planing boat 10 1s planing while decelerating. The
blow-oif valve 42 thus allows the planing boat 10 to keep
planing without damage to the supercharger 36 or other com-
ponents in the intake system 30. The program continues to
step S116, where the state of the solenoid valve 44 being
switched to permit flow from the second pressure introducing
passage 46 1s stored in RAM. Then, the program goes to step
S118 and temporarily ends.

When the planing boat 10 decelerates to a stop, the sole-
noid valve 44 remains switched to permit flow from the sec-
ond pressure mtroducing passage 46. When the planing boat
10 accelerates again, the processes of the preceding step S102
and steps thereafter are sequentially conducted through the
operator’s manipulation of the accelerator, so that the planing
boat 10 quickly starts planing again while accelerating. When
the planing boat 10 stops, the pressure within the surge tank
32 decreases, and the solenoid valve 44 switches to permit
flow from the second pressure introducing passage 46.
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In the intake system 30 1n accordance with the embodiment
described above, the blow-oil valve 42 opens and closes
based on the pressure within the surge tank 32. However, the
blow-oif valve 42 1s forcibly closed when the rate-of-change
of throttle opening exceeds the preset rate-of-change value o,
as a result of the operator manipulating the accelerator to
accelerate the planing boat 10. The closed blow-off valve 42
advantageously allows most of the air that flows through the
intake passage to be supplied to the engine 20 without leaking
into the blow-oil passage 43, so that response from the engine
20 improves. Thus, acceleration performance of the planing
boat 10 improves.

Further, 1n accordance with the embodiment of the intake
system 30 described above, the blow-oil valve 42 1s advanta-
geously actuated by the pressure from the introducing pas-
sages 45, 46. This configuration requires no additional appa-
ratus for actuating the blow-oil valve 42, thereby reducing the
s1ze, complexity and cost of the intake system 30. Further, the
single solenoid valve 44 obviates the need for first and second
control valves, thereby further reducing the size, complexity
and cost of the mtake system 30. Furthermore, the pulser 49
determines whether or not the planing boat 10 1s planing,
based on the engine speed N. This configuration enables an
accurate determination to be made as to whether or not the
planing boat 10 1s planing, using a simple and nexpensive
device.

In accordance with the embodiment of the intake system 30
described above, the solenoid valve 44 permits tlow from the
second pressure itroducing passage 46 when the detection
value from the pressure sensor 48 becomes less than the
preset pressure value P,. This configuration prevents an
increase 1n pressure on the upstream side of the throttle valve
in the 1ntake passage, and thus prevents damage to the super-
charger 36 and other components of the intake system 30.
Further, in the intake system 30 in accordance with this
embodiment, the blow-ofl valve 42 is attached to the inter-
cooler 35. This configuration requires no apparatus to connect
the blow-oif valve 42 to the intercooler 35, thereby further
reducing the size, complexity and cost of the intake system

30.

Those of ordinary skill 1n the art will appreciate that the
present intake system for a supercharged engine 1s not limited
to the embodiment described above and can be practiced with
appropriate modifications. For example, in the foregoing
embodiment, the solenoid valve 44 permaits tlow from the first
pressure mtroducing passage 45 when the rate-of-change of a
throttle opening a 1s greater than the preset rate-of-change
value o, and the engine speed N 1s less than the preset speed
value No, as shown in steps S104 and S106 of FIG. 10.
However, the step S106 may be omitted, for example. In such
a case, the solenoid valve 44 permits flow from the first
pressure mtroducing passage 45 when the rate-of-change of a
throttle opening a becomes greater than the preset rate-oi-
change value o,,. Further, the preset rate-of-change value o,
in this case, may be set to be the same as or different from the
preset rate-of-change value o, 1n the case where the program
shown 1n FIG. 10 1s executed.

Further, the foregoing embodiment includes a three-way
switching solenoid valve 44. However, 1n place of the sole-
noid valve 44, first and second control valves configured as
separate components may be used. Further, 1n the foregoing
embodiment the mtake system 30 1s disposed 1n the planing
boat 10. However, in place of the planing boat 10, the intake
system 30 may be used in other vehicles having supercharged
engines, such as automobiles and motorcycles. Further, the
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layout, structure and materials of the components in the
intake system according to the embodiments above may be
modified as appropriate.

Although these inventions have been disclosed 1n the con-
text of certain preferred embodiments and examples, it will be
understood by those skilled in the art that the present inven-
tions extend beyond the specifically disclosed embodiments
to other alternative embodiments and/or uses of the mven-
tions and obvious modifications and equivalents thereof. In
addition, while several variations of the inventions have been
shown and described 1n detail, other modifications, which are
within the scope of these inventions, will be readily apparent
to those of skill in the art based upon this disclosure. It1s also
contemplated that various combination or sub-combinations
of the specific features and aspects of the embodiments may
be made and still fall within the scope of the inventions. It
should be understood that various features and aspects of the
disclosed embodiments can be combined with or substituted
for one another 1n order to form varying modes of the dis-
closed mnventions. Thus, it 1s intended that the scope of at least
some o1 the present mnventions herein disclosed should not be
limited by the particular disclosed embodiments described
above.

What 1s claimed 1s:

1. An intake system for a supercharged engine, comprising;:

an intake passage configured to supply air to the engine;

a supercharger disposed 1n the intake passage and config-
ured to compress the air supplied to the engine;

a throttle valve disposed 1n the intake passage downstream
from the supercharger, and configured to regulate a vol-
ume of the air supplied to the engine;

a blow-oll passage configured to provide fluid communi-
cation between an upstream side of the throttle valve and
an upstream side of the supercharger;

a blow-oll valve configured to open and close the blow-oft
passage;

a throttle rate-of-change detecting device configured to
detect a rate-of-change of a throttle valve opening; and

a blow-ofl valve control system configured to control
actuation of the blow-oil valve based on pressure on a
downstream side of the throttle valve, and to actuate the
blow-oil valve to close the blow-oil passage when a
detection value from the throttle rate-of-change detect-
ing device when the throttle valve 1s opened exceeds a
preset rate-of-change value.

2. The intake system for a supercharged engine according
to claim 1, wherein the blow-oif valve control system com-
Prises:

a first pressure mtroducing passage configured to provide

fluid communication between the upstream side of the
throttle valve and the blow-ofl valve:

a second pressure mtroducing passage configured to pro-

vide fluid communication between the downstream side
of the throttle valve and the blow-off valve; and

a control section configured to control opening and closing,
of the first and second pressure introducing passages;

wherein the blow-oif valve 1s configured to be actuated by
pressure from the first and the second pressure mtroduc-
ing passages, and the control section 1s configured to
open the first pressure introducing passage and close the
second pressure introducing passage when the detection
value from the throttle rate-of-change detecting device
exceeds the preset rate-of-change value, and to close the
first pressure introducing passage and open the second
the pressure introducing passage when the detection
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value from the throttle rate-of-change detecting device
becomes equal to or less than the preset rate-of-change
value.

3. The intake system for a supercharged engine according,
to claim 2, wherein the control section comprises a switching
solenoid valve.

4. The intake system for a supercharged engine according,
to claim 1 1n combination with a planing boat, and further
comprising a planing state determination means configured to
determine whether or not the planing boat 1s planing;

wherein when the detection value from the throttle rate-oi-

change detecting device exceeds the preset rate-of-
change value, and the planing state determination means
determines that the planing boat 1s not planing, the blow-
off valve control system actuates the blow-oil valve to
close the blow-oil passage.

5. The intake system for a supercharged engine according
to claim 4, wherein the planing state determination means
comprises an engine speed detecting device, and the planing
boat 1s determined not to be planing when the detection value
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from the throttle rate-of-change detecting device 1s greater
than the preset rate-of-change value and a detection value
from the engine speed detecting device 1s less than a preset
speed value.

6. The intake system for a supercharged engine according
to claim 5, wherein the engine speed detecting device com-
prises a pulser.

7. The intake system for a supercharged engine according,
to claim 1, wherein the blow-oif valve control system further
comprises a pressure detecting device configured to detect
pressure on the downstream side of the throttle valve, and
when the detection value from the throttle rate-of-change
detecting device exceeds the preset rate-of-change value and
the blow-oif valve control system actuates the blow-oif valve
to close the blow-oil passage, when the detection value from
the pressure detecting device becomes less than a preset pres-
sure value, the blow-oif valve control system releases control
to actuate the blow-oil valve to close the blow-oif passage.
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